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Abstract 15 
To investigate the extent to which the level of androstenone and skatole decreases 16 
with a decrease in live weight and/or age at slaughter of entire male pigs produced 17 
under organic standards, 1174 entire male pigs were raised in parallel in 5 organic 18 
herds, distributed across 4 batches in summer and winter.  The median 19 
androstenone level was high for organic entire male pigs (1.9 µg/g), but varied 20 
greatly both within and between herds. Median skatole level was 0.05 µg/g, also with 21 
a wide range both within and between herds. Decreasing live weight over the range 22 
of 110±15.6 kg sd was found to decrease androstenone as well as skatole 23 
concentration, however, with different patterns of association. Age did not have 24 
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significant direct effect on either androstenone or skatole levels. Androstenone levels 25 
were higher during winter than summer (P<0.0001), but no difference in skatole was 26 
found between seasons. The study concludes that decreasing live weight at 27 
slaughter could be an applicable management tool to reduce risk of boar taint and 28 
the level of tainted carcasses for a future production of entire male pigs within the 29 
organic pig production system, although further studies are needed as great variation 30 
in boar taint was found also for low weight animals. 31 
Keywords: male pigs, androstenone, weight, organic farming 32 
 33 
Implications 34 
Castration of pigs is a routine procedure in Denmark, performed primarily due to risk 35 
of boar taint. Surgical castration of male pigs conflicts with the values of organic 36 
farming and is labour demanding. Producing entires while maintaining the normal 37 
Danish slaughter weight can be challenging in relation to prevention of boar taint, not 38 
least within the organic production system. The present study reveals that 39 
concentration of androstenone and skatole in entires could be minimized by reduced 40 
weight, as found within the conventional system, and could therefore be part of an 41 
applicable management strategy for a future organic entire male pig production. 42 
 43 
Introduction  44 
Production of entire male pigs is associated with occurrence of boar taint (Walstra et 45 
al., 1999). In several countries, including Denmark, the normal procedure for 46 
preventing boar taint is to surgically castrate male pigs. However, the castration 47 
procedure impairs animal welfare by causing pain and distress (Prunier et al., 2006). 48 
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As declared by the European Commission in 2010 49 
(http://ec.europa.eu/food/animal/welfare/farm/initiatives_en.htm), pig production may 50 
have to face a total ban on surgical castration in the near future. This calls for 51 
alternative strategies for reducing boar taint.  52 
Boar taint is an off-flavour and off-odour of pork, mainly caused by elevated 53 
concentrations of androstenone and skatole in the adipose tissue of entire male pigs 54 
(Bonneau, 1982). Skatole is produced by microbial degradation of tryptophan in the 55 
gastro-intestinal tract and a fraction of the synthesized skatole is absorbed from the 56 
gut and accumulated in the adipose tissue (Zamaratskaia and Squires, 2009), with 57 
influence of dietary factors (Jensen and Jensen, 1998). Androstenone is a steroid 58 
synthesized in the testis of entire male pigs, together with other testicular steroids. 59 
The development of androstenone is reported to have a peak in pigs already at 60 
around two weeks of age and a second increase occurring at puberty (Bonneau, 61 
1982), which is between five to seven months of age in swine. The level of 62 
androstenone is thus primarily related to stage of sexual maturity and thereby age 63 
and slaughter weight (Bonneau, 1982; Babol et al., 2004; Prunier et al., 2013).  64 
This paper addresses the non-castration alternative for pig production. Considering 65 
the biological synthesis of androstenone, a potential alternative to surgical castration 66 
could be slaughtering entire male pigs at a younger age and/or lower weight, 67 
compared to the normal level of approximately 115 kg live weight, as a strategy for 68 
reduction of androstenone. This strategy might also affect skatole levels, since 69 
androstenone can influence skatole clearance by reducing liver metabolism (Babol et 70 
al., 1999). Previous research has investigated the effect of slaughter weight on 71 
androstenone levels, and the results are somewhat contradictory. Fàbrega et al. 72 
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(2011) found that slaughter weight affected the distribution of androstenone levels, 73 
with a higher percentage of animals with high androstenone levels at a slaughter 74 
weight of 130 kg live weight compared to 105 kg. In addition, Aluwè et al. (2011) 75 
found higher androstenone levels in entires slaughtered at 90 and 110 kg compared 76 
with 50 kg live weight. On the other hand, Andersson et al. (2005) found no effect of 77 
slaughter weight ranging from 90 to 115 kg on androstenone level and Aldal et al. 78 
(2005) found an incidence of high skatole and androstenone levels in young boars at 79 
a live weight of 75 kg. The slaughter weight effect on androstenone may depend on 80 
rate of growth, and hence age, as this is related to stage of puberty (Andersson et al., 81 
1999). Besides age and slaughter weight, season of the year is also suggested as a 82 
significant factor for androstenone levels (Fredriksen et al., 2006), as season affects 83 
sexual maturation in the pig (Andersson et al., 1998b; Prunier et al., 2013). However, 84 
the effect of season, defined as day length, on levels of androstenone is not 85 
unequivocal in the literature (Andersson et al., 1998a and 1998b; Walstra et al., 86 
1999; Zamaratskaia et al., 2004).  87 
Different countries use different breeds of pigs and, as a genetic impact on boar taint 88 
are reported (Zamaratskaia and Squires, 2009), results regarding effects on boar 89 
taint cannot be directly extrapolated across countries. Furthermore, the majority of 90 
studies dealing with entire male pigs and levels of boar taint are conducted within the 91 
conventional production system, with a possible difference in results compared to the 92 
organic system. Omitting castration is of special importance within the organic pig 93 
sector, as the castration procedure conflicts with the values of organic farming in 94 
terms of animal integrity (Verhoog et al., 2004). Organic pig production differs from 95 
conventional production in factors that could affect the boar taint prevalence. Slower 96 
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growth and use of early maturing breeds could have an influence on androstenone, 97 
whereas soiling level and different feed ingredients are suggested to affect skatole 98 
levels (Hansen et al., 1994; Hansen et al., 2006). Furthermore, as organic feed 99 
prices are higher, the reported increased feed efficiency of entire males (Babol and 100 
Squires, 1995) would be particularly economically beneficial for organic farmers. 101 
The primary objective of the present study was to investigate the extent to which the 102 
level of boar taint decreases with a decrease in live weight at slaughter (over the 103 
range of 70-130 kg) and/or age at slaughter (range of 5-6 months) of entire male pigs 104 
produced under organic standards. Boar taint, as an outcome, was measured as 105 
androstenone and skatole concentration in the carcass fat at slaughter. 106 
 107 
Materials and methods 108 
Animals 109 
The pigs in the study were organic entire male pigs ((Landrace x Yorkshire) x Duroc) 110 
reared in parallel in five Danish commercial organic pig herds. Entire male pigs are 111 
not, in Denmark, produced on a regular basis within organic pig production, and 112 
within conventional pig production only on a small scale. Thus, the target population 113 
constituted a hypothetical population representing entire male pigs reared within the 114 
organic pig production system in DK. The study initially included 1724 entire male 115 
pigs commencing the finishing stage of the production cycle. In total 242 animals 116 
were subsequently excluded due to disease, death, deviations from study design and 117 
missing registrations from slaughter (see Table 1 for details).  118 
 119 
Housing system 120 
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The experimental pens consisted of an outdoor concrete area with sprinkling system 121 
and an indoor area divided into a lying area with straw bedding and an activity area 122 
with solid and partially slatted floors. The fixed facilities in the pens included 123 
automatic feeders or feeding troughs including access to water by individual water 124 
nipples/stations. Concentrate feed was provided ad libitum. Roughage (clover/grass 125 
silage) was provided daily in the resting area. Space allowance was approximately 126 
1.2 m2 per pig. Further details of housing and feed ingredients can be found in 127 
Supplementary Table S1.  128 
 129 
Study design 130 
The study was designed as a 2 x 2 factorial design, focusing on live weight and age 131 
at slaughter with parallel groups between and within 5 organic herds, each producing 132 
4 batches of entire male pigs over a two year period from 2011 to 2013. Each batch 133 
consisted of four experimental pens with male pigs. Before the experimental period, 134 
the male pigs were reared according to the rearing system normally used on the 135 
respective participating farms (in pens mixed with female pigs (herd 1, 3 (one pen) 136 
and 5) or in single-sex pens (herd 2, 3 (one pen) and 4)). At an average of 30 kg, the 137 
male pigs were placed into the experimental pens, in group sizes of either 15 or 30 138 
pigs.  Grouping of the animals was performed according to two different grouping 139 
strategies, either regrouping or simple relocation. To create a variation in slaughter 140 
weight, the pigs in each pen were sent for slaughter in two steps (split marketing) 141 
approximating an average weight of 95 kg in the first delivery and 115 kg in the last 142 
delivery. According to the experimental design, the pigs were randomly allocated to 143 
slaughter weight (95 or 115 kg) except  for 415 pigs out of the total of 1724, where 144 
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the allocation was modified prior to slaughter because of different growth rates, to 145 
accommodate contract specifications of the slaughter house (restricted live weight 146 
range of slaughter pigs of 86-130 kg).  147 
 148 
Measurements 149 
Each experimental pig had an electronic ear tag with a number that was linked to all 150 
registrations made on the particular pig in the herd, in the slaughter house and in the 151 
laboratory. Live weight was recorded for each pig on each farm at weaning, at 152 
allocation to the experimental pens and prior to slaughter. The number of days 153 
between weighing and slaughter was registered for further calculation of an 154 
estimated final live weight reflecting the live weight when delivered for slaughter. This 155 
was done to compensate for the period between weighing on the farm and actual 156 
slaughter time, as this period on some occasions exceeded several days due to 157 
slaughter house routines. Carcass weight was registered at the slaughter house after 158 
slaughter. Age was measured as days from mean farrowing date to slaughter date 159 
for each herd and batch. However, as the farrowings took place across several days, 160 
a range of up to 7 days was accepted for farrowing dates with the median date 161 
chosen for calculation of age. This gave missing registrations of age for herd 1, batch 162 
1-2, herd 3, batch 1-4 and herd 4, batch 1-2. Season was defined based on slaughter 163 
period. The ‘winter season’ covered slaughter of animals in January to March and the 164 
‘summer season’ covered slaughter in June to August. Table 2 summarizes the 165 
number of observations for the mentioned measurements.  166 
Two different data sets were prepared for the statistical analysis.  The data set 167 
‘Weight’ included all animals remaining after exclusion due to the causes described 168 
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in Table 1. The data set ‘Age’ included all animals from the data set ‘Weight’ with 169 
further exclusion of data in respect to missing registrations of age. Table 1 shows the 170 
different stages of exclusion of animals and the number of animals in each of the two 171 
data sets.  172 
 173 
Table 1 around here 174 
Table 2 around here 175 
 176 
Boar taint analysis 177 
HPLC method  178 
Quantitative analysis of androstenone (5a-Androst-16-en-3-one) and skatole (3-179 
methylindole skatole) was based on the HPLC method (High performance liquid 180 
chromatography) described by Hansen-Møller (1994) with some modifications. 181 
Analysis was done on app. 100 g of subcutaneous fat from the neck region collected 182 
from the experimental pigs after slaughter. The samples were frozen at -20 o C and 183 
taken to the laboratory for further analysis.  A thorough description on the method is 184 
given in Supplementary Material S1. Androstenone and skatole measurement was 185 
done on fat from 1374 animals. For 5 measurements of androstenone and 14 186 
measurements of skatole no concentration was detectable, and these were set to be 187 
equal to the detection limit calculated from the HPLC calibration.  188 
 189 
Statistical analysis  190 
Concentration of androstenone and skatole were analysed by linear mixed effects 191 
models using the lmer function in R (R Core Team, 2013) with log transformation 192 
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prior to analysis. Backwards elimination of variables was applied using a significance 193 
level of 5%. Two models were fitted: one using the data set ‘Weight’ (model i and iii) 194 
testing the effect of weight and one using the data set ‘Age’ (model ii and iv) testing 195 
both weight and age.  196 
Live weight was estimated by fitting a regression model describing the effect of 197 
carcass weight and days from weighing to slaughter on the measured live weight; 198 
Live weight = -1 + (carcass weight) + (days from weighing to slaughter) + (days from 199 
weighing to slaughter)2. Parameter estimates from this model were used in the 200 
equation for calculation of an estimated final live weight as follows:  For animals with 201 
a measured live weight, the estimation of live weight was done for 1445 animals 202 
using the following equation: Live weight + (1.48 x (days from weighing to slaughter)) 203 
- (0.06 x (days from weighing to slaughter)2). For animals without a measured live 204 
weight (37 animals), the estimation of weight was based on the registered carcass 205 
weight by following equation: 1.39 x carcass weight.  206 
Age was tested as a continuous variable measured as days from farrowing to 207 
slaughter. Furthermore, confounding between age and weight was tested. Season 208 
was tested as a nominal variable with two levels, summer and winter, as well as an 209 
interaction of season and age/weight. Group size and grouping strategy were tested 210 
as nominal co-variables. Herd was tested as a categorical variable and as an 211 
interaction including herd and age/weight. As an effect of the study design, the 212 
animals within each herd, within each season for the different group sizes and 213 
grouping strategies, were not expected to be independent of each other. To account 214 
for this, a variable including herd, season, group size and grouping strategy (HSGG) 215 
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was made. This variable was set as random.  216 
The resulting models were: 217 
i) Log(Androstenone) = Weight + Weight2 + Herd + Season + Season:Weight  218 
ii) Log(Androstenone) = Weight + Weight2 + Herd + Age:Grouping 219 
iii) Log(Skatole) = Weight + Herd 220 
iv) Log(Skatole) = Weight  + Herd + Age:Season 221 
As a final model check, residual plots and Shapiro-Wilk normality tests were used to 222 
evaluate the model assumptions of normal distribution of fixed effects in each 223 
analysis as well as to identify outlier observations.  224 
To evaluate the association between androstenone and skatole Pearson’s correlation 225 
was used at individual pig level.  226 
 227 
Results 228 
The average estimated live weight at slaughter was 110 kg, with 10 and 90 % 229 
percentiles of 91 and 130 kg, respectively. Average carcass weight was 79 kg, with 230 
10 and 90 % percentiles of 63.5 and 94.5 kg, respectively. For age at slaughter the 231 
average was 163 days, with 10 and 90 % percentiles of 148 and 177, respectively.  232 
The daily gain was on average 0.86 kg, ranging from 0.349 to 1.508 kg. Table 3 233 
shows variation of data for live weight, carcass weight, age in days and daily gain, 234 
stratified by herd and season for the data set ‘Weight’. 235 
 236 
Table 3 around here 237 
 238 
A large variation in levels of androstenone concentration was found across herds and 239 
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seasons (minimum level 0.02 µg/g, maximum level 18.20 µg/g, overall median 1.9 240 
µg/g). Skatole concentration showed an equally variation (minimum level 0.004 µg/g, 241 
maximum level 2.93 µg/g, overall median 0.05 µg/g). The correlation coefficient 242 
between androstenone and skatole was 0.33, showing a weak but significant positive 243 
correlation (P<0.001). Table 4 summarizes androstenone and skatole concentrations 244 
as well as rejection rates stratified by herd and season. 245 
 246 
Table 4 around here 247 
 248 
The statistical analysis for the dataset ‘Weight’ showed a significant effect of weight 249 
as a continuous variable on the concentration of androstenone in carcass fat 250 
(P<0.0001). The relation was not linear but polynomial, with a significant effect of 251 
weight raised to the second power.  In addition weight significantly affected fat 252 
skatole concentration (P<0.001) with a slight increase in skatole with increasing 253 
weight. The association was different to that found for androstenone, as no effect of 254 
weight raised to the second power was found on fat skatole. Season was found to 255 
have an effect on androstenone (P<0.0001), with higher levels of androstenone in 256 
winter compared to summer. Moreover a significant interaction between season and 257 
weight was found (P<0.001), with greater increase in androstenone levels with 258 
increasing weight for winter samples. No effect of season was found on skatole. An 259 
effect of herd was also found to be significant on both androstenone and skatole 260 
(P<0.0001). Table 5 summarizes model estimates of the significant variables 261 
affecting androstenone and skatole concentrations for the data set ‘Weight’. 262 
Figure 1 shows a graphical illustration of the relation between weight and 263 
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androstenone separated for summer and winter, with each individual pig represented 264 
as a dot and model estimates shown as lines. A division of live weights into weight 265 
categories with intervals of 20 kg and calculated rejection rates of androstenone and 266 
skatole showed increasing percentages of pigs above threshold levels of 267 
androstenone with increasing weight, but with a less stable increase for skatole 268 
(Table 6). 269 
 270 
Figure 1 around here 271 
Table 5 around here 272 
Table 6 around here 273 
 274 
The statistical analysis for the dataset ‘Age’ showed no additional direct effect of the 275 
continuous variable age on either androstenone or skatole. As regards 276 
androstenone, the effect was only significant as an interaction with the variable 277 
grouping, with increasing androstenone levels with increasing age for ‘relocation’ 278 
(slope = 0.00518) and decreasing androstenone levels with increasing age for 279 
‘regrouping’ (slope = 0.00521) when modelling the interaction with a constant live 280 
weight of 110 kg (mean level).  As regards skatole, an age effect was found as an 281 
interaction with season, with increasing skatole with increasing age during winter 282 
periods and the opposite for the summer period. In contrast to the data set ‘Weight’, 283 
no effect of season or interaction between season and weight was found on 284 
androstenone. Otherwise, remaining variables also tested for the data set ‘Weight’ 285 
were found to be significant. Table 7 summarizes estimates of the significant 286 
variables affecting androstenone and skatole concentrations for the data set ‘Age’. 287 
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 288 
Table 7 around here 289 
 290 
Discussion 291 
Androstenone concentration varied greatly both across and within herds (0.02-18.2 292 
µg/g) with a median level of 1.9 µg/g for an average of 110 kg live weight. A Danish 293 
study by Maribo (2012), also dealing with organic pigs, reported a similar level with 294 
an average androstenone concentration of 2.3 µg/g for animals ranging from 77-86 295 
kg carcass weight. Studies of conventionally reared entire male pigs report 296 
somewhat lower levels, although with variation (Walstra et al., 1999; Andersson et 297 
al., 2005; Chen et al., 2007; Nicolau-Solano et al., 2007; Aluwé et al., 2011; Fábrega 298 
et al., 2011). Different results on androstenone between different studies could be 299 
attributable to the effect of genotype on androstenone levels, defined as both within 300 
and between breed effects, as reported by several studies (Xue et al., 1996; 301 
Zamaratskaia and Squires, 2009; Aluwé et al., 2011). In addition, stage of sexual 302 
maturity at slaughter (Zamaratskaia et al., 2005b), or differences in boar taint 303 
detection methods and study design could be suggested to affect androstenone 304 
levels. The present results, however, indicate a higher overall level of androstenone 305 
for organic entire male pigs, increasing the importance of finding a way to reduce 306 
androstenone levels within organic farming. A higher overall level of androstenone 307 
within the organic pig production system could be caused by e.g. slower growth 308 
resulting in increased age at slaughter or use of specific breeds such as the Duroc, 309 
which is found to have a high androstenone level compared to other breeds (Xue et 310 
al. 1996). Prunier et al. (2013), studying different housing systems, however, found 311 
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no effect of a conventional vs. an enriched system on androstenone levels, even 312 
though animals within the enriched environment were largely exposed to the natural 313 
daylight, which has been found to affect androstenone levels as discussed further 314 
below.,   315 
A large variation in skatole concentrations was found for the animals within and 316 
between herds, with a median level of 0.05 µg/g. This level is similar to studies 317 
reporting skatole concentrations in fat of conventional reared pigs (Walstra et al., 318 
1999; Nicolau-Solano et al., 2007; Aluwé et al., 2011; Fàbrega et al., 2011), but 319 
somewhat lower than levels found by Andersson et al. (2005) and Aldal et al. (2005). 320 
A screening of Danish organic entire male pigs showed a mean level of skatole of 321 
0.18 µg/g (Maribo 2012). There seems to be no obvious difference in skatole levels 322 
between conventional and organic entire male pigs, in spite of the differences 323 
between the production systems. This is in accordance with Prunier et al. (2013).  324 
Decreasing live weight at slaughter was found to decrease androstenone 325 
concentration for organic entire male pigs as well as a reduction in rejection rates of 326 
tainted carcasses. The steepest increase in androstenone was found from 70 kg to 327 
around 100 kg, from where the level stabilized until 140 kg. The critical live weight at 328 
slaughter regarding threshold of androstenone was around 80 kg during summer and 329 
as low as 60 kg during winter, when the threshold for detectable taint was set to 1 330 
µg/g which is the commonly used level in DK. A live weight at slaughter of this range 331 
may have considerable impact on market acceptance, however, different threshold 332 
levels for critical androstenone concentration are found in literature and it is obvious 333 
that increasing the threshold level would increase the critical live weight at slaughter.  334 
The overall effect of weight on androstenone concentration is in agreement with 335 
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findings by Fàbrega et al. (2011) and Aluwè et al. (2011). Also Chen et al. (2007) and 336 
Nicolau-Solano et al. (2007) found higher androstenone levels in heavier animals 337 
(90-115 kg live weight and 70-91 kg carcass weight respectively). In a study dealing 338 
with organic pigs, an increase in androstenone with increasing weight was found for 339 
entire males slaughtered between 40 and 100 kg live weight (Jensen and Andersen, 340 
2005). Contradictory results to these findings were reported by Andersson et al. 341 
(2005), with no significant effect of a live weight range of 90 to 115 kg, and by Maribo 342 
(2012) with a carcass weight range of 77-86 kg of organic entire male pigs. However 343 
the weight ranges used in these studies are relatively narrow compared to other 344 
studies. Aldal et al. (2005) found that high levels of androstenone were already 345 
present in boars slaughtered at 75 kg live weight, although with a large variation 346 
between herds.  347 
The link between puberty and androstenone is an important aspect in regards to an 348 
effect of live weight, as androstenone is related to pubertal changes (Zamaratskaia et 349 
al., 2005b). Andersson et al. (2005) reported a link between weight and sexual 350 
maturation, with animals of high weight being more sexually mature compared to 351 
animals of lower weight when maturation was measured as heavier testes and longer 352 
bulburethral glands at slaughter, however with a similar difference in age between 353 
the two groups of animals. This adds to the fact that age is also reported to be 354 
related to stage of puberty (Bonneau, 1982; Andersson et al., 1999). On the contrary, 355 
Aldal et al. (2005) found no connection between weight and stage of maturation, as 356 
measured by weight of sexual organs, and Prunier et al. (2013) found that live weight 357 
per se was not an important determinant of pubertal development. Variation in stage 358 
of maturation in different studies may explain the absence of agreement between the 359 
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mentioned studies in regard to effect of weight on androstenone.   A decrease in live 360 
weight was also found to decrease fat skatole concentration, which is in accordance 361 
with results of Zamaratskaia et al. (2005a) who found higher skatole levels in high-362 
weight groups of pigs (115 kg) compared to low-weight groups (90 kg). Other studies 363 
have reported no effect of live weight on skatole (Aluwé et al., 2011; Nicolau-Solano 364 
et al., 2007 (carcass weight); Chen et al., 2007).  365 
In the present study a significant correlation of 0.33 between androstenone and 366 
skatole was found, which is in accordance with several other studies; e.g. Babol et al. 367 
(1999) r = 0.45; Walstra et al. (1999) r = 0.30; Zamaratskaia et al. (2004) r = 0.68; 368 
Aluwe et al. (2011) r = 0.35; Bekaert et al. (2012) r = 0.37. The association between 369 
skatole and androstenone has been discussed in several studies. Babol et al. (1999) 370 
among others showed that elevated levels of sex steroids, including androstenone, 371 
reduced the metabolism and subsequent clearance of skatole from the body, with the 372 
result of increased levels of skatole in the fat of the animals. This is in agreement 373 
with results of Rasmussen et al. (2011), showing that one of the main enzymes 374 
involved in liver metabolism of skatole, can be inhibited by concentrations of 375 
androstenone, leading to increased levels of skatole in the adipose tissue. As 376 
androstenone increases around the time of puberty, it could be suggested that the 377 
changes in skatole coincides with the time of puberty (Babol et al., 2004) explaining 378 
the similar effects of weight on androstenone and skatole. 379 
 A direct effect of age on androstenone was expected, but was not found. This was 380 
possibly due to the large spread in daily gain found among the pigs at pen level. A 381 
slow growth rate could possibly affect onset or stage of maturation at slaughter, 382 
resulting in absence of an effect of age on androstenone.  An effect of age was found 383 
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by Zamaratskaia et al. (2004) with increasing androstenone levels with increasing 384 
age over the range of 8 to 24 weeks. An age effect on androstenone as an 385 
interaction with grouping strategy was found, with decreasing androstenone level 386 
with increasing age for the animals undergoing a second regrouping, compared to 387 
increasing androstenone level with increasing age for the animals being relocated 388 
once and not mixed. A possible explanation could be related to differences in puberty 389 
induction for animals being regrouped.  For high ranking pigs there is a possibility of 390 
earlier puberty induction as a consequence of high social status in a situation of 391 
greater social instability, whereas for the lower ranking pigs with a slower growth rate 392 
regrouping could cause a greater suppression of puberty. An effect of mixing of 393 
unfamiliar pigs on puberty is also suggested by Fredriksen et al. (2006), with mixing 394 
having a sexual stimulating effect on boars. In addition to the effect of mixing on 395 
puberty, it may be that in less stable groups, as a result of repeated regrouping, there 396 
is greater importance of social status, and therefore chronic stress in being low 397 
ranking, possibly causing an effect on puberty induction. In the unmixed groups with 398 
animals only being relocated, puberty development seems to follow the natural age-399 
related pattern. Age affected skatole as an interaction with season, with an increase 400 
in age resulting in increased skatole during summer, but the opposite during winter.  401 
No reason for the season effect on the association between age and skatole can be 402 
given and no similar effect was found for androstenone. However, an effect of age on 403 
skatole levels was found by Zamaratskaia et al. (2004), with increasing plasma 404 
skatole levels with increasing age, although with high levels also in the very young 405 
animals (8-10 weeks). In addition, Babol et al. (2004) found an effect of age on 406 
skatole in purebred boars, with relatively low levels up to around 180-190 days, after 407 
18 
 
which increasing levels were seen up to around 240-360 days depending on breed. 408 
The age effect on skatole could be caused by puberty- associated factors as 409 
discussed previously.  410 
Season affected androstenone concentration, with higher androstenone levels in pigs 411 
slaughtered during winter. The season effect interacted with weight, resulting in a 412 
greater difference in androstenone levels between seasons at high weights 413 
compared to low weights. Season is found to affect sexual maturation in the pig 414 
(Andersson et al., 1998a; Prunier et al., 2013), with an accelerated pubertal 415 
development reported for pigs growing during autumn (Prunier et al., 2013).The 416 
reproductive success is highest during times of decreasing photoperiod (short-day 417 
period) when levels of sex steroids, including androstenone, are also found to be 418 
highest (Claus and Weiler, 1985). This corresponds to Andersson et al. (1998a), who 419 
found that fat androstenone was lower in a group of pigs reared during 420 
Spring/Summer (March – August under artificial light regimens) compared to a 421 
control group reared under natural light from January to June. The Spring/Summer 422 
group also had lower sensory boar taint levels compared to an Autumn/Winter 423 
(September - February). Contradictory results by Fredriksen et al. (2006) showed the 424 
lowest levels of androstenone in the period October to March (short-day period) and 425 
Andersson et al. (1998b) finding that levels of androstenone in fat tended to be lower 426 
in Autumn compared to a group exposed to natural photoperiod from January-June. 427 
Conditions on organic farms most often include a  natural light regimen, with animals 428 
experiencing dim light indoors and light corresponding to the actual day length when 429 
outside. This could make an effect of season more pronounced within organic 430 
farming than in conventional farming, where enclosed housing with artificial lighting is 431 
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more predominant. However, Prunier et al. (2013) found a similar influence of season 432 
in conventional housing and in housing with access to an outdoor run.  433 
The experimental design used in the present study included herds similar in 434 
production system, management procedures and breeds. Nevertheless an effect of 435 
herd was found on both androstenone and skatole, with variations both between and 436 
within herds, which was also evident from differences in rejection rates. The 437 
participating herds did not differ with respect to mean weight, age and live weight 438 
gain excluding these factors as potential causes of variation. The variation is 439 
suggested to stem from a variation in stage of puberty between the animals, as also 440 
reported by Claus et al. (1994), showing that most of the variation in androstenone 441 
concentration is explained by the time course of pubertal development. Puberty 442 
variation may be affected by health status and variation in growth rate, as found in 443 
present study, resulting in postponed puberty of slow-growing animals. In addition, 444 
androstenone variation could be caused by factors such as individual genetic 445 
difference in androstenone levels or different light conditions between farms.  446 
As regards skatole, the median skatole level did not differ between herds, but herd 4 447 
and 5 had higher maximum levels compared to the other herds. Variation in skatole 448 
levels between different herds was also reported by Aldal et al. (2005), who ascribed 449 
the variation to difference in feed composition which is well known to affect skatole 450 
levels. The herds in the present study were fairly similar in respect to feed 451 
ingredients, and no obvious cause of differences in skatole levels between herds can 452 
be deduced from the present data. The variation found stresses the importance of 453 
including several herds when investigating boar taint levels, however, a more 454 
thorough investigation of both herd and individual animal characteristics are needed 455 
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to know the cause of the herd variation.  456 
 457 
Conclusion 458 
Increasing live weight at slaughter increased androstenone concentration for organic 459 
entire male pigs. Up to around 100 kg the level continuously increased, after which 460 
the level stabilized until 140 kg.  Skatole concentration increased slightly with 461 
increasing live weight. Age showed a different pattern of relationship with 462 
androstenone and skatole. The androstenone concentration level was higher during 463 
winter season as compared to summer. No difference between seasons was found 464 
for skatole. Both androstenone and skatole levels showed great variation both 465 
between and within the organic herds. Reducing live weight at slaughter could be an 466 
applicable management strategy within organic farming for reducing boar taint levels 467 
as well as levels of tainted carcasses. However, it should be emphasized that 468 
variations in boar taint compounds were found also for low weight animals. 469 
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Figure caption 594 
Figure 1. Graphical illustration of the effect of live weight and season on logarithmic 595 
transformed androstenone concentration in entire male pigs. The horizontal line illustrates 596 
the threshold level of androstenone of 1 µg/g for detectable boar taint. 597 
 598 
 599 
 600 
 601 
 602 
 603 
 604 
 605 
 606 
 607 
 608 
 609 
 610 
 611 
27 
 
Table 1. Description of data sets including no. of pigs and cause of exclusion from 612 
experiment. 613 
Description No. of 
animals 
Cause of exclusion 
Initial number of animals to be included  
in experiment (animals at weaning) 1724 
 
 
 
 
 
 
 
Animals available at allocation to 
experimental pens (30 kg) 1704 
Animals in experiment 
 
 
 
 
1542 
Animals in experiment 
1533 
Animals at slaughter (Data set ‘Weight’) 
 
1482 
Animals at slaughter (Data set ‘Age’) 
 
1165 
 614 
 615 
 616 
 617 
 618 
 619 
 620 
 621 
 622 
 623 
 624 
 625 
51 missing registrations at 
slaughter 
 
9 animals excluded due to 
deviations from study design 
(remainder animals removed 
from pens after majority of 
slaughters appeared) 
162 animals euthanized, dead or 
diseased (removed during 
experiment)  
 
20 animals euthanized, dead or 
diseased 
 
317 animals in batches with no 
registration of age 
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Table 2. Number of registrations for measurements included in data set ‘Weight’ and data set 626 
‘Age’. 627 
Variables Data set ‘Weight’ Data set ‘Age’ 
Live weight measured on farm 1445 1132 
Carcass weight 1359 1055 
Estimated live weight at slaughter 1482 1165 
Age in days 841 841 
Androstenone and skatole 1374 1073           
 628 
 629 
 630 
 631 
 632 
 633 
 634 
 635 
 636 
 637 
 638 
 639 
 640 
29 
 
Table 3. Mean values ±standard deviations of estimated final live weight, carcass weight, 641 
age and daily gain for experimental pigs included in the data set ‘Weight’. 642 
  n 
Estimated live 
weight, kg n 
Carcass 
weight, kg n Age, days n Gain, g/day 
Herd 
        1 323 102.7±18.4 301 73.1±14.3 156 167.2±11.2 155 823±144 
2 227 113.2±14.0 189 83.3±11.6 227 163.0±12.2 217 810±222 
3 317 114.3±14.9 304 80.7±10.5 0 1 286 821±146 
4 313 109.5±12.9 304 80.1±10.3 156 157.5±14.3 262 930±156 
5 302 113.3±13.7 261 79.7±12.1 302 162.6±8.6 274 894±143 
Season 
        Summer 723 108.3±13.6 642 77.7±10.3 421 160.8±14.3 569 833±190 
Winter 759 112.4±17.0 717 80.2±13.7 420 164.5±7.9 625 884±147 
1 Herd 3 no registration of age. 643 
 644 
 645 
 646 
 647 
 648 
 649 
 650 
 651 
 652 
 653 
 654 
 655 
 656 
 657 
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Table 4. Concentrations of androstenone and skatole (µg/g) in carcass fat presented as 658 
median, min, max, 1st and 3rd quartile levels and percentage of pigs above skatole and 659 
androstenone threshold, stratified by herd and season for experimental pigs included in the 660 
data set ‘Weight’.  661 
  n Min 1st quartile Median 3rd quartile Max % > threshold1,2 
 Androstenone 
   
    
 Herds 
       1 308 0.02 1.00 1.89 3.35 15.11 74.68 
2 185 0.25 1.09 1.73 2.92 10.01 78.92 
3 301 0.12 0.60 1.01 2.12 10.50 50.17 
4 293 0.03 1.25 2.08 3.30 18.20 81.23 
5 287 0.11 1.40 2.41 3.72 17.25 86.76 
Season 
         
Summer 673 0.02 0.93 1.71 2.86 15.40 73.11 
  Winter 701 0.03 0.99 1.98 3.58 18.20 74.47 
Skatole 
       Herds 
       1 308 0.01 0.02 0.04 0.06 2.00 6.17 
2 185 0.01 0.03 0.07 0.15 1.45 14.59 
3 301 0.01 0.04 0.06 0.09 1.69 6.31 
4 293 0.005 0.04 0.08 0.19 2.08 18.09 
5 287 0.004 0.02 0.04 0.08 2.29 9.76 
Season 
         
Summer 673 0.007 0.03 0.05 0.10 2.29 7.58 
  Winter 701 0.004 0.03 0.05 0.12 2.08 13.55 
1 Threshold androstenone 1 µg/g 662 
2 Threshold skatole 0.25 µg/g 663 
 664 
 665 
  666 
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Table 5. Estimates of the significant effects from the mixed effects models i and iii, describing 667 
the weight effect on logarithmic androstenone and logarithmic skatole concentrations in 668 
entire male pigs. Values are back transformed. 669 
Variable Estimate S.E. p-value 
Androstenone 
   Fixed effects 
   Intercept 0.008 2.203 <0.0001 
Weight 1.091 1.010 <0.0001 
Weight2 1.000 1.000 <0.0001 
Season 
  
0.0043 
Summer 0 
  Winter 0.295 1.391 
 Season:Weight 
 
0.0017 
Summer 0 
  Winter 1.001 1.003 
 Herd 
  
<0.0001 
1 0 
  2 0.767 1.094 
 3 0.466 1.094 
 4 0.909 1.094 
 5 0.994 1.094 
 Random effect 
   HSGG variance 1.011 1.116 
 Skatole 
   Fixed effects 
   Intercept 0.022 1.221 <0.0001 
Weight 1.006 1.002 0.0003 
Herd 
  
<0.0001 
1 0 
  2 1.614 1.135 
 3 1.368 1.125 
 4 2.081 1.125 
 5 1.023 1.126 
 Random effect 
   HSGG variance 1.026 1.174   
 670 
 671 
 672 
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Table 6. Percentage of animals above acceptable threshold for androstenone and skatole 673 
stratified by weight categories.  674 
Kg n Androstenon > 1 µg/g Skatole > 0.25 µg/g 
50-70 11 36.4 9.1 
71-90 119 52.1 5.9 
91-110 540 67.8 7.6 
111-130 571 82.3 13.5 
131-150 124 83.1 15.3 
151-170 9 100.0 11.1 
 675 
  676 
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Table 7. Estimates of the significant effects from the mixed effects models ii and iv, 677 
describing the weight and age effect on logarithmic androstenone and logarithmic skatole 678 
concentrations in entire male pigs. Values are back transformed. 679 
Variable Estimate S.E. p-value 
Androstenone 
   Fixed effects 
     Intercept 0.007 4.137 0.001 
Weight 1.102 1.020 <0.0001 
Weight2 1.000 1.000 0.001 
Age:Grouping 
 
0.03 
Regrouping 0 
  Relocation 1.010 1.004 
   Herd 
  
0.03 
1 0 
  2 0.687 1.127 
 4 0.861 1.139 
 5 0.912 1.127 
 Random effect 
     HSGG variance 1.028 1.185 
 Skatole 
   Fixed effects 
   Intercept 0.034 2.034 <0.0001 
Weight 1.012 1.003 <0.0001 
Age:Season 
  
0.02 
Summer 0 
  Winter 0.047 3.597 
 Herd 
  
0.007 
1 0 
  2 1.379 1.174 
 4 1.384 1.174 
 5 0.896 1.162 
 Random effect 
   HSGG variance 1.038 1.209   
 680 
  681 
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Figure 1. Graphical illustration of the effect of live weight and season on logarithmic 682 
transformed androstenone concentration in entire male pigs. The horizontal line illustrates 683 
the threshold level of androstenone of 1 µg/g for detectable boar taint. 684 
 685 
 686 
